INTRODUCTION
NUMEROUS INVESTIGATIONS (Bethke and Kennard, 1928; McFarlane, Fulmer, and Jukes, 1930; Titus, Byerly, and Ellis, 1933) 6 have indicated a factor or factors required for hatchability other than the fatsoluble vitamins. The factor or factors seemed associated with some protein concentrates and with such feedstuffs as alfalfa, milk, liver, yeast, and fresh greens. Later work (Halpin, Holmes, and Hart, 1933; Bethke, Record, and Kennard, 1933 ; Heiman, 1935) indicated that vitamin G was the factor responsible. It is now known (Birch, Gyorgy, and Harris, 1935 ) that the term "vitamin G" as previously used in the literature covered the complex action of several vitamins. Bethke, Record, and Kennard (1936) have suggested that riboflavin was the active factor responsible for increased hatchability. On the other hand, Smith and Branion (1936) have expressed the opinion that more than one factor in the vitamin-G complex' is involved in hatchability of eggs. 6 See "Literature Cited" at the end of this paper for complete data on citations, which are referred to in the text by author and date of publication. 7 The vitamin-G complex as used here refers to the combination of the filtrate factor and riboflavin. Riboflavin was formerly known as "lactoflavin" or "vitamin B2" (Euler, et al., 1935) ; Kuhn, Gyorgy, and Wagner-Jauregg 1933) or as "vitamin G" (Sherman and Smith, 1931) . The filtrate factor is identical witl; the "vitamin B," of Elvehjem and Koehn (1935) and the "chick antipellagric factor" of Ringrose, Norris, and Heuser (1931) .
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560 Hilgardia [Vol. 11, No. 10 Two members of the vitamin-G complex have been shown to be necessary for the chick: riboflavin and the filtrate factor (Lepkovsky and Jukes, 1935) . Both of these were studied in the present investigation. Riboflavin concentrates and crystalline riboflavin were used, but the filtrate factor was not available in crystalline form. Concentrates of the latter were used which were freed as far as possible from all the known vitamins for which tests are available. The investigations were continued over a period of two years, 1935-36 and 1936-37. EXPERIMENTAL PROCEDURE Selection of Stock.-Single-Comb White Leghorn hens which had completed their first year of production were segregated into lots with an equal number of birds per pen. The previous production records of the birds were known, and they were distributed into pens as evenly as possible with respect to an estimated potentialegg-producing ability. Total past egg production, the persistency of production, and the physical condition of the bird were considered as indicative of future egg-production ability.
Between the time the pens were set up in 1935 and the beginning of the experimental feeding, a varying amount of mortality disturbed the equality of numbers of birds between the pens. The actual number of birds per pen at the beginning varied from 24 to 27. In the year 1936-37, each pen contained 24 yearling hens at the time the experimental feeding began.
Rations and Supplements.-In the 1935-36 experiments, all 8 pens were placed on the unsupplemented rations from November 9 to December 8, 1935 . From December 9, 1935 , through May 31, 1936 , the supplements were added to the rations. In this year two pens of birds were changed to different supplements during the month of June. In 1936-37 , no period of preliminary depletion was attempted, and the birds were changed from the standard laying mash used at this station to the variously supplemented rations on December 1 and were so fed through May 31.
The composition of the three rations used is given in table 1. Ration 2 "vas chosen as a typical practical diet supposedly complete in all nutritional essentials. Ration 1 represented a similar ration from which the usual practical vitamin-G sources had been omitted. Ration 3 was formulated, in an attempt to supply a simplified diet which would be more deficient in riboflavin and the filtrate factor.
The barley, wheat, wheat bran, corn, sardine meal (dehydrated with superheated steam), casein, skim milk, sardine oil, bone meal, oystershell, polished rice, and soybean oil used in these rations were products of commerce. The extracted sardine meal was a special product extracted with a hydrocarbon solvent. The special salt was sodium chloride plus 0.010 per cent iron as ferrous sulfate and 0.001 per cent copper as copper sulfate. These rations were supplemented as detailed in table 2.
Preparation of S·upplements.-The 1935-36 r'iboflavin fuller's-earth adsorbate was prepared by shaking "They with fuller's earth. It was found by assay to contain about 50-60 units of riboflavin per gram. Three riboflavin concentrates, varying in potency from 10,000 to 50,000 units per gram, were fed successively during the course of the experiment.
The thiamin fuller's-earth adsorbate was prepared by treating an extract of rice bran with fuller's earth. It was found by assay to contain about 150 international units of thiamin per gram.
The crude filtrate factor was prepared by concentrating rice-bran extract to a heavy syrup, after most of the thiamin and riboflavin had been removed with fuller's earth. The refined filtrate factor was prepared by treating the crude filtrate-factor preparation with methanol to a concentration of about 80 per cent, rejecting the precipitate, and concen-562 Hilgardia [Vol. 11, No. 10 trating the filtrate to a thick syrup. These extracts, used in 1935-36, contained the filtrate factor and factor 1 (Lepkovsky, Jukes, and Krause, 1936) . In 1936-37 , the filtrate factor was prepared from the wash liquor remaining after the removal of lactose from whey. This liquor was ex- (Jukes, 1937b) per gram were used. When the potency was lower, the concentrate was increased so that as nearly as possible the same amount of vitamin (filtrate factor) was fed throughout the investigation. The concentrate was exhaustively treated with fuller's earth to remove riboflavin and factor 1 (Lepkovsky, Sept., 1938] Lepkouskn), et al.: Riboflavin ana the Filtrate Factor 563 Jukes, and Krause, 1936) . Analytically, as far as available methods for detection of vitamins permitted, the concentrate proved to carry only one of the known vitamins-the filtrate factor. Biological Methods.-The methods of Lepkovsky and Jukes (1935) and Jukes (1937b) were used to assay concentrates for their filtratefactor values. The unit is defined (Jukes, 1937b) as "one-tenth of the amount which will just provide for maximal growth when fed daily to a chick 3 weeks old in conjunction with the heated diet under the conditions described."
For the evaluation of riboflavin, rats were used as experimental animals. The following basal diet was used: casein, 24 parts; hydrogenated cottonseed oil (Crisco), 10; sucrose, 57 ; salts (McCollum and Simmonds, 1918) , 4; and cod-liver oil, 2. The casein was washed with a.cidulated water ro.i per cent acetic acid), "dissolved in dilute sodium hydroxide, and reprecipitated with either acetic or sulfuric acid. The precipitated casein was again washed several times with water, partially dehydrated with alcohol and acetone, and dried in an oven at about 60-80°C. Care was taken to supply adequate thiamin and factors 1 and 2 (Lepkovsky, Jukes, and Krause, 1936) , in order to leave riboflavin as the only known limiting factor. Thiamin was supplied as a Ba(OH)2 eluate from a fuller's-earth adsorbate prepared from rice bran. Such concentrates, administered daily in amounts furnishing about 10 international units of thiamin, supplied practically no riboflavin. Factor 1 and factor 2 concentrates were prepared as described by Lepkovsky, Jukes, and Krause (1936) . All vitamin concentrates fed were first assayed and the amounts given so adjusted as to insure approximate vitamin intake corresponding to levels called for by the investigation.
The basal diet was fed during a depletion period of 10 to 12 days, after which vitamin supplements other than riboflavin were fed. When rats no longer gained weight, the riboflavin was given.
Five micrograms of the crystalline riboflavin used in these investigations produced a gain of more than 3 grams weekly; 3 grams is the unit gain suggested by Bourquin and Sherman (1931) . This is in close agreement with results obtained by other investigators with crystalline riboflavin (Kuhn, Rudy, and Wagner-Jauregg, 1933; Bender and Supplee, 1937) . It is, therefore, possible to assume that our preparation of crystalline riboflavin contained little or no impurity.
Care of Birds.-AII birds were housed in pens of the same size and construction and were given access to completely wire-enclosed concrete yards. Complete trapnest records were kept, and the eggs produced were so marked that the hatchability record of each hen was obtained.
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Hilgardia [Vol. 11, No. 10 During periods of production of fertile eggs, male birds were rotated through the series of pens, the changes being made daily. At other times the male birds were removed.
Feed was mixed in 100-pound batches for each pen; each batch was usually sufficient for 3 to 6 weeks of feeding. Oystershell, limestone, and granite grit were available in hoppers at all times.
Eggs were saved for hatching in 10-consecutive-day periods and were then incubated under normal conditions. Immediately after certain of these periods, eggs were saved for later feeding experiments and were kept in cold storage (0°C) until used.
DISCUSSION OF RESULTS ON EGG PRODUCTION
In the 1935-36 series (table 3, first two sections), little difference in egg production occurred during December between the various pens. During January, marked differences appeared, increased egg production apparently resulting from the addition of riboflavin to both rations 1 and 2. Differences were less marked during the remaining months of the experiment, which represent the normal season of heavy egg production. However, the highest egg yields came from hens receiving rations to which riboflavin supplements were added. The total number of eggs laid during the whole experiment was definitely greater in the pens receiving added riboflavin supplements.
Egg production on ration 2 during January was apparently stimulated by addition of riboflavin, in spite of the fact that the diet contained 4.0 per cent of alfalfa meal and 2.5 per cent of dried skim milk as natural sources of riboflavin. Addition of riboflavin either to ration 1 or to ration 2 seemed to stimulate egg production to a greater extent during the winter months than when egg production is normally high.
Pen 20, receiving thiamin in addition to riboflavin and filtrate factor, had the highest egg production, but the difference between this and the production of pen 17, receiving riboflavin, is of doubtful significance. Addition of the filtrate factor had no effect in any instance.
In 1936-37, repetition of riboflavin and filtrate-factor supplementation of ration 1 (table 3) gave results closely similar to those obtained in 1935-36.
Ration 3 was used in an effort to secure a ration lower in riboflavin and the filtrate factor than ration 1. It was hoped that by this means a point might be reached at which the filtrate-factor content would be a limiting influence in hatchability. A similar ration supplemented with brewers' yeast (Almquist and Stokstad, 1935) had been repeatedly found to produce excellent growth in chicks. In the present investigation, the brewers' Sept., 1938] Lepkovs1cy, et at: lliboflavin and the Filtrate Factor • The egg-production data represent an approximation of a hen-month basis of calculation. Dead birds or birds removed for pathological reasons are credited as in the pen to the end of the nearest halfmonth period from the date of removal.
t Pre-experimental period.
yeast was replaced with thiamin, in order to keep the basal ration low in riboflavin and the filtrate factor. Ration 3 was then supplemented with each and with both of these factors.
The results are given in table 3. While riboflavin increased egg production in the winter months on both rations, it actually caused a poorer production in ration 3 during April and May. With ration 1, no such result was obtained.
The whites of the eggs from pens 10 and 12 (ration 1, riboflavin-sup-566 Hilgardia [Vol. 11, No. 10 plemented) had a pronounced yellow-green tinge in contrast to the almost colorless appearance of the whites of eggs from pens 9 and 11 (no riboflavin supplement). This difference is illustrated in figure 1. Statistical Significance of Results.-The variance of monthly average egg production between the two years of experimentation on ration 1 and between rations 1 and 3 for the year 1936-37 was calculated (table 4) . From the analysis of results on ration 1, it is possible to state that no significant effect on egg production can be attributed to the filtrate factor or to any interaction of the filtrate factor with other variables. Further, the difference between the results obtained in 1935-36 and in 1936-37 on ration 1 is of questionable significance. The seasonal effect measured by monthly production is, of course, highly significant since the birds used were hens recovering from a molt. The effect of riboflavin on egg production is of unquestionable significance, and the evidence for a differential interaction between riboflavin and month of production also is highly significant. From these results, it is clear that riboflavin greatly improved egg production on this basal ration and that the effect was more pronounced during the winter months.
Comparison of variance of egg production of the pens on rations 1 and 3 during the year 1936-37 shows a very high significance for the difference in results obtained between the two rations. Again the effect of riboflavin and the interaction between riboflavin and months of production prove to be highly significant. The difference between the effect of addition of riboflavin to ration 1 and to ration 3 is likewise highly significant. For the effect of the filtrate factor, the data indicate questionable significance. The difference in response of birds on the two rations according to season, as indicated by interaction between the rations and months of production, is highly significant. The above results provide strong evidence that the riboflavin level of the diet is an important factor controlling the egg production of hens in the winter months following the first adult molt. The addition of riboflavin stimulated hens to a better winter production similar to that induced by artificial lighting. This is not in agreement with results obtained by Heiman (1935) and Davis, Norris, and Heuser (1938 a and b) , who found no relation between vitamin-G level and egg production.
ADULT MORTALITY
The per-cent mortality of hens during the experiments is given in table 3, last column. While the amount of loss varied between pens and between years, no definite trends are noticeable except with respect to ration 3, which produced a relatively high mortality. Analysis of mortality, pre- " " . Ration 1, 1935 Ration 1, -36,vs. ration 1, 1936 . Riboflavin vs. no riboflavin (both years combined)
. Filtrate factor vs. no filtrate factor (both years combined) .
Riboflavin vs. riboflavin + filtrate factor (both years combined)
.
Filtrate factor vs. riboflavin + filtrate factor (both years combined) "
Riboflavin vs. no riboflavin (1935-36) ".. Filtrate factor vs. no filtrate factor sented in table 5, shows that ration 3 was significantly different from ration 1 in this respect, whereas all other differences in mortality obtained were not significant or were questionably so.
With the exception of pen 8, all groups of surviving hens on ration 3 were in poorer physical condition at the conclusion of the experiment than similar lots of birds on ration 1. The following data represent the average body weight on May 31,1937, for the various pens: In order to obtain additional information on ration 3, with and without its various supplements, week-old cockerels were put on a heated diet- Jukes's (1937b) diet 80 G-for a depletion period of one week. They were then fed ration 3 with and without vitamin supplements for 10 days. Ration 3 was supplemented with 5.0 per cent heated casein to equalize its protein value with that of the heated diet. A negative control group was continued on diet 80 G and a positive control group was fed diet 80 G plus 6 per cent liver filtrate. The results obtained follow : Gain, in Diet grams Heated diet 80 G (Jukes, 1937b Growth results from this limited experiment indicated that ration 3 was low in both the filtrate factor and riboflavin, as well as in some additional factor supplied by the diet fed to the positive control group. The results are in harmony with those on egg production and mortality presented above in indicating that ration 3 was deficient in a factor other than riboflavin and the filtrate factor. The egg-production records showed increased production with riboflavin at first, but later the riboflavin appeared actually to be detrimental, which suggests the progressive exhaustion of a vital factor. Even when both riboflavin and the filtrate factor were supplied, the production fell short of that obtained on ration 1 without supplements. Also, during the seasonal months of usual heavy lay, the egg production was comparatively poor. It is not definitely known whether the improvement in production of pen 8 (ration 3 plus riboflavin and the filtrate factor) over that of pen 6 (ration 3 plus riboflavin) was due to the effect of the filtrate factor or to the presence of a small amount of an unknown factor in the concentrate fed as a source of filtrate factor. HATCHABILITY 'I'he results obtained from hatching the eggs laid during Ill-day periods for each month from January through May in 1936 and 1937 are recorded in table 6.
Addition of the filtrate factor seemed to have no effect on the hatchability of eggs laid by hens receiving rations 1 and 2. This is particularly evident from ration 1 in 1937, when the filtrate-factor concentrate was prepared from whey and was carefully freed from riboflavin (table 6, pen 11). In 1936, however, the hatchability of the eggs from pen 18 fed ration 1 + filtrate factor was uniformly better than the hatchability of eggs from pen 16 fed ration 1 unsupplemented. On ration 2, eggs from pen 15 receiving filtrate factor hatched but slightly better than those from pen 13 receiving no supplement. Possibly the 1936 results were produced either by a small amount of riboflavin remaining in the rice-bran filtrate-factor preparation, or by some other factor in this preparation. The addition of riboflavin to ration 1 produced a striking increase in hatchability (table 6, pens 17 and 10), even in 1937, when only 2.5 mg of riboflavin were added per pound of feed. There seemed to be no additive effect from a combination of riboflavin and filtrate factor. Evidently rations 1 and 2 supplied enough filtrate factor for good hatchability. The addition of a thiamin supplement to supplements of riboflavin and filtrate factor (table 6, pen 20) had no noticeable effect upon hatchability.
Ration 2, containing 4 per cent of alfalfa meal and 2.5 per cent of dried skim milk, did not supply sufficient riboflavin for uniformly high hatchability, since addition of this vitamin (table 6, pen 14) produced a marked increase in hatchability, especially during the winter months of January and February. This finding indicates that many rations which have been considered to be sufficiently supplied with riboflavin may not contain enough for maximum hatchability at all seasons.
An attempt was made to improve the hatchability of eggs laid by hens on ration 1 without riboflavin (pens 16 and 18) by adding a riboflavin concentrate after the experimental period was over. Beginning on June 1, 800 milligrams of a concentrate supplying 50,000 units of riboflavin per gram was added to the 100 pounds of ration, or 400 units per pound. Eggs were collected for 20 days, beginning June 7, and two hatches were made. The results follow: The effect of the riboflavin on hatchability was prompt and striking: riboflavin seemed to be transferred to the egg almost immediately, a greatly improved hatchability of eggs being effected within 7 days.
The hatchability of the eggs produced by hens on ration 3 was uniformly poor. A deficiency of an unknown factor or factors is probably 572 Hilgardia [Vol. 11, No. 10 indicated, and. the possibility of this deficiency is further supported by the low egg production on the same ration' (table 3) . Riboflavin seemed to increase hatchability somewhat at first (hatch 1, table 6), but later actually depressed it below the hatchability obtained on the basal diet, especially in hatches 2 and 4. In hatch 5, the best results were obtained when ration 3 was supplemented with both filtrate factor and riboflavin. The presence of riboflavin in the eggs from hens fed riboflavin-supplemented rations in pens 6 and 8 was indicated by the greenish-yellow color of the albumen.
CHARACTER OF ElVIBRYONIC MORTALITY
All eggs candled out from the experimental hatches were broken and examined for fertility as indicated by the presence of embryonic remains. All unhatched eggs were also examined, and some thirty-five types of embryonic defects were recorded. Of the various types of embryonic mortality, only those presented in table 7 had any association with the vitamin supplements used. In no instance was there a consistent and significant difference with respect to types of mortality produced in the presence of the filtrate-factor supplement.
Riboflavin was evidently successful in eliminating or materially reducing the incidence of edema, degeneration of the W olffian bodies, defective down, and dwarf-type embryos. Sept.,1938J Lepkovslcu, et al.: Riboflavin and the Filtrate Factor 573 An edema was commonly found in embryos dying between 9-and 14day stages of embryonic development (fig. 2) . Occasionally, but not usually, an edema was found in more advanced stages. The type of edematous condition found here seems comparable to that produced by Smith and Branion (1936) with rations deficient in riboflavin. It does not resemble the characteristic edemata produced by manganese deficiency (Lyons and Insko, 1937) or by selenium poisoning (Poley, Moxon, and Franke, 1937) . Degeneration of the embryonic Wolffian bodies (mesonephros) in relation to nutrition of the breeding hen, has not been previously described, so far as we know. Both types of degeneration observed were generally found in embryos dead at from 17 to 21 days of incubation, when the permanent kidney (metanephros) had become functional. The swollen W olffian bodies were distended to several times the normal size and were edematous. In cases where the organs were filled with a caseous material, the size was normal but extensive tissue degeneration "vas apparent.
The type of down termed "clubbed" (figs. 2 and 3) results from a failure of the down feather to rupture the surrounding sheath. As a result, the feather is coiled and takes the shape of a French knot. This defect was found in embryos dying at all stages from the first appearance of the 574 Hilgardia . [Vol. 11, No. 10 down feathers to hatching. It was frequently associated with edema, degeneration of the Wolffian bodies, and the dwarf type of embryonic development.
The defect described as "dwarf type" represents stages of development characteristic of the last week of incubation in which the embryo exhibits a marked reduction in size for its comparative physiological development and for the size of the egg. In eggs of normal size, such embryos, with body size approximating that of a 14-or 15-day normal stage, were found to have the yolk sac enclosed in the abdominal cavity to a degree equivalent to 18-or 19-day normal stages. A retardation in the development of the chick, without a concurrent retardation of the normal physiological sequence of embryonic functions, was apparently responsible for the production of the dwarf-type embryo. Davis, Norris, and Heuser (1938a) also found a retarded development to be a characteristic of riboflavin-deficient embryos.
An apparent anemia in embryos produced by hens fed riboflavin-deficient diets, has been previously described by McFarlane, Fulmer, and Jukes (1930) and by Smith and Branion (1936) . Our data likewise (table 7) indicate that riboflavin supplements to rations 1 and 2 were effective in reducing, but not eliminating, the anemic condition. In the case of ration 3, riboflavin supplementation increased the incidence of anemia. These results indicate that more than one factor is probably concerned in the production of anemic embryos. Riboflavin supplementation will apparently reduce the high incidence of embryonic anemia produced by some rations; on others, apparently deficient in some other factor or factors, it proves to be ineffective.
The embryonic mortality curve ( fig. 4 ) obtained in riboflavin deficiency, is characterized by an initial peak at between 1 and 3 days of Sept.,1938] Lepkovslcu, et ai.: Riboflavin and the Filtrate Factor 575 incubation, a pronounced peak at from 10 to 12 days, and a final peak from 19 to 21 days, with approximately equivalent losses in the last two peaks. In all portions of the curve except from 16 to 18 days, and again at 21 days, riboflavin-deficient diets produced markedly more embryonic deaths than the riboflavin-supplemented diets. Our mortality curves differ from those obtained by Davis, Norris, and Heuser (1938a) in that less mortality occurred in the first week of incubation. In summarization: riboflavin deficiency in breeding hens' diets produces definite types of defects which seem associated with death of the embryo. Embryos dying in the first week of incubation may be anemic, but not all anemias can be taken as indicative of riboflavin deficiency. In cases of marginal or slight deficiency of the vitamin and early death, only edema and defective down may be produced. In more chronic cases, degeneration of the Wolffian bodies and reduced body size may result. Some disturbance in excretory function may be involved in producing death of the embryos suffering from deficiency of this vitamin.
Ration 3 characteristically produced more chondrodystrophy than either ration 1 or.2. The average percentages of fertile eggs with chondrodystrophic embryos in case of ration 1 was 0.23 in 1935-36 and 0.52 in 1936-37, of ration 2 was 0.19, while with ration 3 it was much higher, 3.23. This would indicate (Lyons and Insko, 1937) that ration 3 was probably more deficient in manganese than the other diets. No effect on incidence of chondrodystrophy was produced by supplementing with riboflavin or filtrate factor or both.
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RIBOFLAVIN IN EGGS AS INFL1JENCED BY THE RIBOFLAVIN CONTENT OF THE RATION
The following methods were used to determine the riboflavin content of eggs:
(1) chick-growth method, using whole egg as a supplement to a diet deficient in riboflavin;
(2) rat-growth method-biological assay of dried whites and dried yolks separately; (3) colorimetric method, using a photelometer (Sanford, Sheard and Osterberg, 1933) , only the whites 1.9 6.5 7.6 * Estimated from 1 unit=2.7 micrograms (Jukes, unpublished) ; calculations based on weight of shellfree, hard-boiled eggs, fed at a level of 30 per cent of the chick diet.
being measured; and (4) indirect method, placing the chicks which . hatched from all pens, on a diet low in riboflavin and measuring their growth and viability. Chick-Growth Method.--Riboflavin assays in 1936 were made by the method of chick growth (Jukes, 1937a) . Eggs were boiled for 30 minutes and the shells and membranes were removed. The undried, hard-boiled, shell-free eggs were incorporated with Jukes' diet 96 at a level of 30 per cent. The nutritive ratio of diet 96 was maintained by adjusting the casein content. The mixture was dried at 50°C. Cod-liver oil and soybean oil were added after drying. Other details of the assay method have been described (Jukes, 1937a) . Table 8 summarizes the results. Sept., 1938J Leplcouslcu, et al.: Riboflavin and the Filtrate Factor 577 Rat-Grouith. Methocl.-In testing for riboflavin by the rat-growth method, the eggs were hard-boiled, the whites separated from the yolks and dried under reduced pressure at 100 0 C. The dry material was finely ground and given in daily weighed amounts to rats which had already ceased growing on the riboflavin-free diets fed. Crystalline riboflavin was used as the standard of comparison. Groups of 6 rats per lot were fed for 28 days.
Rats receiving whites or yolks from hens on diets containing riboflavin grew about twice as fast as rats receiving the same amount of white or yolk from eggs laid by hens on diets which were not supplemented with riboflavin (table 9) . When the laying hen's diet was not supplemented with riboflavin, 1 gram of dried yolk produced growth approximately equivalent to that of the standard control receiving 5 micrograms of crystalline riboflavin. When the diet of the hen was supplemented with riboflavin, 1 gram of dried yolk apparently contained more than 5 micrograms, although it is impossible to say with certainty how much more, from the data available. Similar comparisons indicate that dried egg white from eggs laid by hens on unsupplemented rations contained about 10 micrograms of riboflavin per gram and considerably more than this 578 Hilgardia [Vol. 11, No. 10 when the diet of the hen was supplemented with riboflavin. The addition of the filtrate factor seemed to be without influence on the riboflavin content of the egg.
Phoielometric Determination of Riboflavin in Egg Whites.-The white of a single egg was coagulated by adding 1 cc of 33 per cent (by volume) In the case of whites of eggs from pens receiving added riboflavin, the extracts were much more strongly colored, and a 25-cc volumetric flask was used instead of a 10-cc flask. This concentration of riboflavin usually gave a reading of between 65 and 80. The readings were evaluated from a calibration curve constructed empirically from synthetic riboflavin. The results are summarized in table 10.
A riboflavin solution was prepared by the above method from a large batch of egg white. The solution was biologically assayed with chicks in comparison with synthetic riboflavin using the method of Jukes (1937a) . The biological value corresponded to only 60 per cent of the photelometric value. If this ratio between photelometric and biological value is consistent for the egg-white extracts, it follows that the whites of eggs from pens not receiving added riboflavin contain an average of 1.7 micrograms per cc of fresh white, or about 15 micrograms per gram of dried white. For pens receiving added riboflavin, the figures are 2.8 micrograms per cc and 23 micrograms per gram. These values may be compared with the values obtained by biological assay with rats (table 9) . Riboflavin Content of Eggs as Measured by the Growth and Viability of the Chicks H atched.-Chicks hatched from eggs laid by hens in pens 9 to 12 inclusive (on ration 1) were placed on diet 96, low in riboflavin (Jukes, 1937a) . Their growth and viability were observed. Altogether, five experiments of this nature were made. Typical data illustrating the results are given in table 11. An insufficient number of chicks was hatched on ration 3 to carry out a similar experiment.
The data indicate that the diet of the laying hen influences the riboflavin content of the egg, which in turn influences the riboflavin stores of the newly hatched chick. Thus the diet of the breeding hen may have a bearing on the vigor of baby chicks as they start life and on their ability to withstand an unfavorable environment.
In the results from the application of all four of the methods used to IIilgarrlia [Vol. 11, No. 10 determine the riboflavin stored in the egg, there is substantial agreement. Rations containing supplemental riboflavin uniformly produced eggs having higher concentrations of the vitamin in yolk and white than rations without the supplement. "Notch-ed. Beak"-Is It a Syrnpt011't of Riboflavin Deficiency in Chicks?-Chicks hatching from hens on riboflavin-deficient rations had a tendency to develop a lesion on their beaks at the junction of the horny upper beak with the soft tissue ( fig. 5 ). This lesion, which we have termed "notched beak," appeared prominently in chicks from pens 9 and 11 when chicks were put on a riboflavin-deficient ration. The incidence of the "notched beak" lesion in chicks produced in two hatches and fed a ration deficient in riboflavin is given in table 12. In order to make further observations upon the role of riboflavin in the incidence of "notched beak" lesions, the chicks from hatch 5 were divided into three groups at the end of the experiment summarized in table 12. In the first group, all the chicks definitely exhibited the "notched beak" lesion. In the second group, the chicks were free from the lesion. The third group consisted of borderline cases. The first and third groups were given supplemental riboflavin, while the second group was continued on the riboflavin-deficient ration. Results are given in table 13.
There seems to be a definite relation between riboflavin and the "notched beak" lesion, since crystalline riboflavin and yeast rich in riboflavin tend to cure the condition. To produce this lesion, the riboflavindeficient diet must be quite free of riboflavin: In a similar test with hatch 4, in which the casein in the deficient chick ration did not have the riboflavin washed out completely, very few cases of "notched beak' lesions appeared. Sept., 1938J Lepkovsky, et al.: Riboflavin and the Filtrate Factor 581 The occurrence of the lesion is evidently sensitive to other factors with which it may be interrelated. Thus, the incidence of "notched beak" was always less when ration 1 was supplemented with riboflavin only (table 12, pen 10) than when the filtrate factor was added along with the riboflavin (pen 12). The filtrate factor seems to have exerted some inhibiting effect on the ability of riboflavin to prevent the "notched beak" lesion. Moreover, although yeast promoted greater growth in the chick (table  13) , it was less effective than riboflavin in preventing and curing the "notched beak" lesion. This observation is difficult to interpret, since the yeast adds other factors than riboflavin. There is possibly an interrelation between riboflavin and some other factor.
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STORAGE OF RIBOFLAVIN IN THE MUSCLES AND LIVER TISSUES OF LAYING HENS AS INFLUENCED BY THE RIBOFLAVIN CONTENT OF THE RATION
At the termination of the investigations of 1936-37, the livers and breast muscles of the laying hens were removed and dried, and their riboflavin content estimated by the rat-growth method. The dry muscles were fed without further treatment, but the livers were treated with a hydrocarbon solvent (boiling point 60°-72°C) to extract the fat and were then fed to rats which had ceased to gain on riboflavin-free rations. Six rats were used in each group and were fed muscle and liver supplements for 28 days. The results are shown in table 14.
The results vary irregularly and have no correlation with the riboflavin content of the ration of the laying hen. There is no clear evidence that the character of the ration affected the storage of riboflavin in the muscles or the liver.
THE EFFECT OF RIBOFLAVIN ON THE FAT AND PROTEIN CONTENT OF LIVERS OF THE HENS
On grinding, the dry livers were found to vary markedly in their physical properties, that is, from a granular to an oily consistency. They were accordingly analyzed for fat, protein, and moisture. The results are detailed in table 15. They are based on the dry weight of the liver. Sept., 1938] Lepkovsky, et al.: Riboflavin and the Filtrate Factor 583 In every case, livers from hens fed a low-riboflavin diet were heavier and contained considerably more fat than those from hens on high-riboflavin diets. Sebrell, Onstott, and Hunt (1937) have found that riboflavindeficient dogs develop yellow livers, which, presumably, results from an excessive deposition of fat. As is to be expected, the protein content of the liver varies inversely with the fat content. 
STORAGE OF THE FILTRATE FACTOR IN EGGS
Two methods were used to study the influence of the feed on the filtratefactor content of the eggs: (1) the direct method of measurement of the filtrate factor values of the eggs by feeding tests using the method of Jukes (1937b) , and (2) the indirect method, by hatching the eggs and putting the chicks on the low filtrate factor diet 80 G (Jukes, 1937b) , and observing growth and the development of dermatitis. Biological Assay of Eggs for Filtrate Factor.-The biological assay is based upon growth of chicks Jukes, 1935, Jukes, 1937b) fed eggs from the various pens. The eggs were boiled for 20 minutes, and the shells and membranes were removed. The undried, shell-free, hardboiled eggs were incorporated with the heated diet 80 G at a definite level, usually between 21 and 25 per cent, by weight. The composition of the heated diet 80 G was modified by adjusting the casein and cornmeal content to preserve its original nutritive ratio. The mixture of eggs and diet was allowed to dry at room temperature (usually about 35°C). The No. March 12-14, 1937 . March 12-14, 1937 . March 12-14, 1937 . March 12-14, 1937 . March 12-14, 1937 . March 12-14, 1937 . March 12-14, 1937 . March 12-14, 1937 . diet was then fed to chicks in the manner described by Jukes (1937b) . Table 16 summarizes the results. Each value in column 3 represents a biological assay with a group of 9 or 10 chicks.
The results indicate that the filtrate-factor content of the egg is influenced to a marked degree by the diet of the hen. Of interest is the low filtrate-factor content of eggs from pens 5 and 6, laid by hens which * The gain in weight for pens 13-20 represents the increase in weight between 7 and 16 days of age; for pens 9-12, between 4 and 18'days of age. .
t The syndrome score in pens 13-20 was taken at 16 days of age; in pens 9-12 at 18 days of age. Syndrome score as here used was as determined by Lepkovsky and Jukes (1935) except that grades of 1 to 4 were assigned instead of 10 to 40.
received ration 3 without a filtrate-factor supplement. These data indicate that ration 3 contained less filtrate factor than either rations 1 or 2. Growth and Symptomatology of Chicks H atched.-The second method of measuring the filtrate-factor content of eggs involved an attempt to measure the storage of the factor in chicks hatched from eggs laid by hens on the different rations. These chicks were fed a ration deficient in the filtrate factor. Increases in weight and the severity of dermatitis, measured by the syndrome score, were recorded to an age of from 16 to 18 days. Data are given in Vol. 11, No. 10 Chicks hatched from eggs laid by hens receiving rations supplemented with the filtrate factor grew somewhat more rapidly arid developed dermatitis more slowly when placed on a deficient diet than did the chicks hatched from eggs laid by hens receiving a filtrate-factor supplement. However, the correlation between these measures of storage in the chick and the filtrate-factor content of the egg as measured by biological assay was not consistent. In several instances, the addition of riboflavin to the diet of the hen appeared to have some effect in provoking the symptoms of filtrate-factor deficiency in chicks. This may have been partly due to an interaction of an unknown nature between riboflavin and the filtrate factor.
From the above tests, it is evident that the filtrate-factor content of the egg is correlated with that of the ration fed the laying hen. There is also evidence that the higher filtrate-factor content of the egg is related to a better quality of the chick hatched with respect to resistance against filtrate-factor deficiency.
GENERAL DISCUSSION
Two water-soluble vitamins of the vitamin-G complex have been demonstrated to be inadequately supplied in certain practical as well as experimental rations. These are riboflavin and the filtrate factor.
The addition of filtrate-factor supplements to rations of the types studied in this investigation apparently exerts no influence on egg production, hatchability, or the character of the embryonic mortality. The filtrate factor, however, cannot be ignored because the amount of this vitamin in the egg from which the baby chick must derive its initial supply to start life is dependent on the filtrate-factor content of the laying hen's ration. Practically, this may be important only when the chick ration is marginally deficient in the filtrate factor, which plays an important role in the prevention of dermatitis and promotion of growth.
The riboflavin content of the laying hen's ration is important in determining the number of eggs laid, and, in even greater degree, the ability of eggs laid to hatch into vigorous chicks. In the absence of a sufficient amount of riboflavin in the laying hen's diet, eggs will be laid containing little riboflavin. This can be seen directly by breaking the egg and examining the egg white, which will be practically colorless from hens on low riboflavin diets or a greenish yellow from hens fed adequate rations. That the color of the egg white is a fairly good index of its riboflavin content has been confirmed by assays using the rat-growth method for measuring riboflavin.
Eggs failing to hatch for lack of sufficient riboflavin show character- Sept.,1938] Lepkovsky, et al.: Riboflavin and the Filtrate Factor 587 istic embryonic abnormalities. Prominent among these are: degeneration of the W olffian bodies, deformed down, edema, reduced size, and anemia. Of interest is the defect in down formation, indicating a disturbance in the skin, since riboflavin deficiency in the rat is also associated with generalized skin defects. In the growing chick, however, no such disturbance has previously been reported. The reduced size of the embryo (dwarf type) is probably a consequence of the essential nature of riboflavin for growth. The appearance of anemia is interesting. Blood studies on deficiencies of the vitamin-G complex have indicated that anemia may be associated with deficiency of members of this group (Kohls, 1932) . Riboflavin may be one of the factors concerned in the maintenance of a normal blood stream. Only edema and kidney degeneration in the dead embryos have no counterpart in reported disturbances of growing experimental animals on riboflavin-deficient diets. This information should stimulate search for similar physiological disturbances in other young riboflavindeficient animals. A matter of special significance brought to light by these investigations is the interrelation of riboflavin and other factors, as yet of an unknown nature. While with rations composed primarily of cereals, cereal by-products, and fish meal, riboflavin will promote egg production and hatchability, yet on a ration composed primarily of polished rice and fish meal, it not only does not improve egg production and hatchability but actually decreases them. Evidently, the polished rice lacks a factor which has so far escaped detection and which, like riboflavin, is apparently essential for egg production and hatchability. Moreover, this factor apparently has a physiological function so related to that of riboflavin that a balance of some kind may be assumed. When this unknown factor is inadequately supplied, the balance between it and riboflavin is destroyed, so that the presence of riboflavin may indeed be harmful. This seems a logical explanation for the detrimental effect of riboflavin when added to ration 3. It calls attention to the probability that the balance of the constituent parts of the ration must receive an increased amount of attention.
Further evidence of the interaction of vitamins is that found between riboflavin and some component of the filtrate-factor concentrates. Riboflavin in the laying ration was more effective in preventing the development of the "notched beak" lesion of the baby chicks when no filtratefactor concentrate was added to the hen's ration. Moreover, adequate riboflavin in the hen's diet led to greater storage of riboflavin in the baby chick. This apparently increased the severity of the dermatitis of growing chicks on the low-filtrate-factor ration, especially when no filtrate-588 Hilgardia [Vol. 11, No. 10 factor concentrate was added to the hen's ration. These results suggest the advisability of considering the balance of the vitamins supplied in practical poultry rations. On low-riboflavin rations, the livers of laying hens were higher in fat than were the livers of hens receiving an adequate amount of riboflavin. This observation draws attention to the lack of information on the role of the liver in the fat metabolism of the laying hen. Apparently a fatty liver is normal for an actively laying hen, but how high the percentage of fat in the liver can go and the bird still remain normal, is not known. It is, therefore, difficult to interpret the increased fat content of the livers of laying hens on low riboflavin feeds, but the regularity with which the low-riboflavin rations studied here gave increased liver fats probably is not without significance. Cases of fatty degeneration of the liver are not uncommonly found in routine autopsy work on fowls raised under practical conditions.
While certain important conditions involved in egg production and hatchability may now be definitely related to specific known vitamins, the evidence suggesting interactions between these vitamins and the evidence for factors as yet unidentified may also be important results obtained in this work. CONCLUSIONS Of the water-soluble vitamins, riboflavin is of primary importance in sustaining good hatchability. It is also important for high winter egg production of hens. There is evidence that some practical poultry rations may not contain enough of this vitamin for maximum egg production and hatchability.
Riboflavin deficiency in hens is associated with an increased fat content of the liver.
Riboflavin deficiency in eggs can be detected by the lack of a pronounced greenish-yellow color of the albumen and by characteristic defects in the embryos developed in the eggs after a period of incubation.
The filtrate factor, under the conditions studied, seems to have no function in maintaining normal egg production or hatchability. It is, however, important in producing a chick resistant to a dermatitis caused by a deficiency of this vitamin.
The riboflavin and the filtrate-factor content of eggs is directly influenced by the diet of the hen.
Evidence is presented concerning the essential nature of an unidentified factor influencing the health and reproduction of hens fed a ration consisting largely of polished rice and fish meal.
The importance of vitamin interactions in the proper balancing of rations is indicated by results obtained in this investigation,
